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® Method for ammpxidatlon of paraffins. 



© Disclosed is a process for making an a , ;3-un saturated mononitrile by the catalytic reaction of a paraffin 
containing 3-5 carbon atoms with molecular oxygen and ammonia by catalytic contact of the foregoing reactants 
in a reaction zone with a metal oxide catalyst containing the elements indicated by the empirical formula, 

Aa b^Snn, Sbn CucOx (formula 1) 

in the relative atomic proportions indicated by the subscripts, where 
A is selected from Te and Bi 

D is one or more optional elements selected from Mo, W, Ti. Ge. Ce, La. Or, Mn. Mg. Ca, Co. Ni, Fe. Nb. 
Ta, Ag. Zn, Cd. B, P, Na. K and Cs. and 

a is 0.001 to 30 

d is zero to 30 

c is 0.001 to 30 

m is 0.1 to 60 
^ n is 0.1 to 60 

^ n/v is > 12 and < 100 

m+nis^v+a + c+d, and 
O X is determined by the valence requirements of the elements present, and 

^ wherein the reactants fed to the reaction zone contain a mole ratio of said paraffin:NH3 in the range from 2 to 16 

OT and a mole ratio of said paraffin:02 in the range from 1 to 10. 
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This invention relates to an improved process for the catalytic ammoxidation of paraffins containing 
from 3 to 5 carbon atoms to a./3-unsaturated mononitriles, especially paraffins containing 3 to 4 carbon 
atoms. Most important is the ammoxidation of isobutane to methacrylonitrile and. especrallyT'of propane to 
acrylonitrile. 

5 Because of the price differential between propylene and propane an economic incentive exists for the 

development of a viable catalytic process for conversion of propane to acrylonitrile. 

Early attempts in the prior art to develop an efficient process for the ammoxidation of propane to 
acrylonitrile produced either insufficient yields or processes that necessitated adding halogen promoters to 
the feed. The latter procedure would require not only reactors made of special corrosion resistant materials, 
ro but also the quantitative recovery of the promoter. The added costs thus eliminated the advantage of the 
propane/pro pylene price differential. 

It is thus an object of the present invention to provide an improved process for tho ammoxidation of 
paraffins to unsaturated mononitriles and the corresponding mono-olefins. 

Still another object is to provide an improved catalyst for making unsaturated mononitriles from lower 
75 paraffins. 

Other objects, as well as aspects, features and advantages, of the present invention will become 
apparent from a study of the accompanying disclosure and the claims. 

These and other objects are achieved by the present invention according to one aspect of which there 
is provided a process for making an «. /3 -unsaturated mononitrile by the catalytic reaction of a paraffin 
20 containing 3-5 carbon atoms with molecular oxygen and ammonia by catalytic contact of the foregoing 
reactants in a reaction zone with a metal oxide catalyst containing the elements indicated by the empirical 
formula. 

Vv Aa Dd Snm Sb„ CucOx (formula 1) 

25 

in the relative atomic proportions indicated by the subscripts, where 
A is selected from Te and Bi 

D is one or more optional elements selected from Mo. W. Ti; Ge. Ce. La. Cr, Mn. Mg. Ca, Co. Ni, Fe, 
• Nb. Ta. Ag. Zn. Cd, B, P, Na, K and Cs. and 
30 a is 0.001 to 30 
d is zero to 30 
c is 0.001 to 30 
m is 0.1 to 60 
n is O.Vto 60 
35 n/v Is > 12 and < 100 

m + nis^v + a + c+d. and 
^ is determined by the valence requirements of the elements present, and 
wherein the reactants fed to the reaction zone contain a mole ratio of said paraffiniNHa in the range from 2 
to 16 and a nriole ratio of said paraffin:02 in the range from 1 to 10. 
40 U.S. Patents 4,316,855 and 4,532.083 disclose the ammoxidation of olefins in the presence of a catalyst 
containing Sb. Sn. and Te and that can contain Cu, V. W. Mo, Bi. Ti. Ge. La. Cr. Mn. Mg, Ca. Co. Ni. Nb. 
Ta. Ag. Zn. Cd. K, Cs, B, P. En. Neither V nor Cu is a necessary element. 

The process of the present invention requires no halogen or halogen compounds and no sulfur or sulfur 
compounds in any form in the reaction zone, from either the feed to the reaction zone or in the catalyst 
45 composition. 

In the catalyst compositions of the invention the empirical formula denotes the atomic ratios of the listed 
elements and does not., of course, connote any particular chemical compound, nor indicate whether the 
elements are present as a mixture of individual oxides or as a complex oxide or oxides, or what separate 
crystalline phases or solid solutions may be present. However, the catalyst contains the elements and 

50 proportions indicated by the foregoing formula. Similarly, the designation of certain oxides, such as "silica" 
or "alumina "or S'lOz or AI2O3. as supports or diluents is merely in accordance with convention in the 
inorganic oxide catalyst art. and such designations refer to compounds often regarded as supports or 
carriers in the catalyst art. Such designations, however, do not mean that the element involved is actually 
present as a simple oxide. Indeed, such elements may at times be present as a complex oxide with one. 

55 more than one. or all of the elements in the foregoing empirical formula, which complex oxides form during 
the process for preparing the catalyst composition. 

In the ammoxidation of the present invention, the reaction is carried out in the gas phase by contacting 
a mixture containing the paraffin, ammonia and molecular oxygen, and diluent, if any, conveniently in a 
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fixed bed of the catalyst, or a gravity flowing bed. a fluidized bed or a fast transport reactor mode. 

The mole ratio of O2 to NHa fed to the reaction zone is usually in the range from l-lO^ore often t-5). 
and the mole ratio of gaseous diluent (other than C3 to Cs paraffin) to paraffin is usually in the range from 
^ero-20 (more often 2ero-12); of course, even higher molar ratios, say up to 50 mols diluent to 1 mols 
5 paraffin, can be used but are usually uneconomical. 

In the present process, when applied to propane ammoxidation, a small amount of propylene is 
produced in relation to the unreacted propane in the effluent. Thus the propane effluent containing 
propylene in the amount of up to 8 mole percent, but usually no more than 6 mole percent, of the amount 
of propane plus propylene can comprise substrate feed to the present process. 
10 And in general the C-j to alkane feed to the reaction zone of the process of the present invention can 
contain one or more C3 to Cs olefins. The C3 to Cs olefin content of the feed to the present ammoxidation 
process can contain from zoro to 8 mole percent of such olefin(s), based on the molos of C3 to Cs paraffin 
plus olefins fed, and this feed can be from any source. However, larger amounts of Ca to Cs olefins may be 
present in the substrate paraffin feed, but the usual proportions are as stated, and the usual olefin is that 
75 corresponding to the particular paraffin fed to the reaction zone of the present ammoxidation process. 

Examples of diluents useful In the reaction zone are Nz. He, CO2. H2O and Ar. The unreacted excess 
paraffin, such as propane, over the stoichiometric amount of O2 and NH3 acts, of course, as a diluent or 
further diluent. The excess paraffin as recited in the claims is an important feature of the invention. 

The reaction temperature range can vary from 350 to 700 • . but is usually 440 to 550 • C. The latter 
20 temperature range is especially useful in the case of propane ammoxidation to acrylonitrile. 

The average contact time can often be from 0.01 to 10 seconds, but is usually from 0.02 to 10 seconds, 
more usually from 0.05 to 5 seconds. 

The pressure of the reaction usually ranges from 1 to 45 psig. Most often, pressure is somewhat above 

atmospheric. I.e. 1 to 15 psi. 

26 In any event, the pressure, temperature and contact times are not the essence of the invention and can 
be outside these ranges. The most advantageous combination of these conditions for a given desired result 
from a given feed can be determined by routine experimentation. 

The nitrile products of the present process contain one C to C double bond and one nitrile group. The 
desired olefin products contain one double bond and the same number of C atoms as the paraffin feed. 

30 The catalysts of the inventions contain the elements Indicated by the empirical formula 1 in the relative 
atomic proportions indicated by such formula, as already noted. They can be\used In unsupported form or 
with suitable carriers such as silica, alumina, zirconia or mixtures thereof. In specific examples herein where 
Si02 or alumina are present, they are such carriers. 

The following examples of the Invention are exemplary and should not be taken as in any way limiting, 

35 

COj/IPARATIVE CATALYST EXAMPLE A 

54.66g of Sb2 03 were slurried In a mixture of 200mi of water and 300 ml of concentrated reagent grade 
nitric acid sdlution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 

40 temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. 13.96g of Cu(N03)2 •2.5H2O. 1.02g of ammonium meta 
tungstate. 3.59g of TeOz, 1.32g (NH0sM07 02* •4H2O. and 66.66g Fe(N03)3 -SHzO were combined in about 
100ml of water and stirred for about one hour with moderate heating. This mixture was then added to the 
slurried filter cake. To this was added 1.75g of NH4VO3 dissolved in 150ml of water. 53.37g of 40wt% Sf02 

45 sol were then added. The mixture was evaporated to near-dryness on a hot plate with constant stirring. It 
was then dried at 120' C for 16 hours. The dried material was heat treated in air at 290 'C for 3 hours and 
at 425 * C for 3 hours then ground and screened to collect the 20-35 mesh size particles. These particles 
were further heat treated in air at 81 0 * C for three hours. In this example tin was absent. 

50 COMPARATIVE CATALYST EXAMPLE B 

78.7lg of Sb203 were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 



55 



temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. I3.26g of Cu(N03)2 •2.5H2O. 2.8eg of ammonium meta 
tungstate and 4.07g of TeOz were combined In about lOOml of water and stirred for about one hour with 
moderate heating. This mixture was then added to the slurried filter cake. I6.5lg of 40wt% SiOz sol and 
135.62g of 20wt% SnOa soi were then added. The mixture was evaporated to near-dryness on a hot plate 
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with constant stirring. It was then dried at 120"C for 16 hours. The dried material was heat treated in air at 
425 • C for 3 hours then ground and screened to collect the 20-35 mesh size particles. These particles were 
further heat treated in air at 810 ' C for three hours. 5g of the resulting material were placed irfa 25ml flask 
and 6m t of water were added drop-wise in such a manner as to uniformly wet the particles. The particles 
5 were then dried at 120*C. The dried particles were then heat treated in air at 290 *C for 3 hours and then 
at 810* C for 30 minutes. This catalyst contained no vanadium. 

COMPARATIVE CATALYST EXAMPLE C 

10 78-7 1g of Sb;;0:i were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 

nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cako was then slurried in about 100ml of v/ator. 13.26g of Cu(N03)2 •2.5H2O, 2.86g of ammonium mcta 
tungstate. and 4.07g of TeOz were combined in about 100ml of water and stirred for about one hour with 

IS moderate heating. This mixture was then added to the slurried filter cake. IB.SIg of 40wt% Si02 sol and 
I35.62g of 20wt% SnOa sol were then added. The mixture was evaporated to near-dryness on a hot plate 
with constant stirring. It was then dried at 120'C for 16 hours. The dried material was heat treated in air at 
425 * C for 3 hours then ground and screened to collect the 20-35 mesh size particles. These particles were 
further heat treated in air at 810* C for three hours. 5g of the resulting material were placed in a 25ml flask 

20 and 6ml of an oxalic acid solution of NH4VO3 (0.00388g NHAVOa/ml of solution) were added drop-wise in 
such a manner as to uniformly wet the particles. The particles were then dried at 120' C. The dried 
particles were then heat treated in air at 290' C for. 3 hours and then at 810* C for 30 minutes. The atomic 
ratio of Sb:V was 102.9. 

25 CATALYST EXAMPLE 1 

78,71g of SbaOs were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 

30 cake was then slurried in about 100ml of water. 13.26g of Cu(N03)2*2.5H2 6, 2.86g of ammonium meta 
tungstate. and 4.07g of Te02 were combined in about 100ml of water and stir^red for about one hour with, 
moderate heating. This mixture was tKen added to the slurried, filter cake. 16.51 g of 40wt% Si02 sol and 
135.62g of 20wt% Sn02 sol were then added. The mixture was evaporated to near-dryness on a hot plate 
with constant stirring. It was then dried at 120' C for 16 hours. The dried material was heat treated in air at 

3S 425 • C for 3 hours then ground and screened to collect the 20-35 mesh size particles. These particles were 
further heat treated in air at 810' C for three hours. 5g of the resulting material were placed in a 25mf flask 
and 6ml. of an oxalic add solution of NHtVOa (0.00388g NHiVOa/ml of solution) were added drop-wise in 
such a manner as to uniformly wet the particles. The particles were then dried at 120' C. The resulting 
dried particles were again placed in a 25ml flask and 6ml of an oxalic acid solution of NH+VO3 (0.00388g 

40 NH4V03/ml oif solution) were added drop-wise in such a manner as to uniformly wet the particles. The 
particles were then dried at 120"C. The dried particles were then heat treated in air at 290 'C for 3 hours 
and then at 810' C for 30 minutes. The atomic ratio of Sb:V was 51.4. 

CATALYST EXAMPLE 2 

45 

78.71 g of Sb2 03 were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. I3.26g of Cu(N03)2 •2,5H2 0. 2.86g of ammonium meta 

50 tungstate. and 4.07g of Te02 were combined in about lOOmt of water and stirred for about one hour with 
moderate heating. This mixture was then added to the slurried filter cake. 16.5lg of 40wt% Si02 sol and 
I35.62g of 20wt% Sn02 sol were then added. The mixture was evaporated to near-dryness on a hot plate 
with constant stirring. It was then dried at 120'C for 16 hours. The dried material was heat treated in air at 
425 • C for 3 hours then ground and screened to collect the 20-35 mesh size particles. These particles were 

55 further heat treated in air at 810*0 for three hours. 5g of the resulting material were placed in a 25ml flask 
and 6ml of an oxalic acid solution of NH4VO3 (0.00388g NH4V03/ml of solution) were added drop-wise in 
such a manner as to uniformly wet the particles. The particles were then dried at 120'C. The resulting 
dried particles were again placed in a 25ml flask and 6ml of an oxalic acid solution of NH^VOs (0.00388g 
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NH vO,/ml of solution) were added drop-wise in such a manner as to uniformly wet the particles. The 
particleHlre the^^^^^^^^ at .20-C. The resulting dried particles were placed for a final timejn a 25r.l as 
Ld 6m1 of an oxalic acid solution of NH.VO3 (0.00388g NH.VO^/ml of -'^^^^ ^ atT^O^ The d ied 
such a manner as to uniformly wet the particles. The particles were then dned-^t 120 C. The dned 
5 paJJc.es were" en heat treated in air at 290-C for 3 hours and then at SIO'C for 30 minutes. The atom.c 
ratio of Sb:V was 34.3. 

C OMPARATIVE CATALYST EXAMPLE D 

78 71 g of Sb.O, were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitri-^ acid solution. The slurry was refluxed with constant stirring for 3 hours. . 
tom-^aturo and fiUorcd. Tho filter cako was washed once with water and f.lterod aga.n The — t.ng f^or 
caT:is then Slurried in aoout I00ml of water. 1.75g of NH.VO, and 2.86g of ammon.um meta tungstate 
wer; rsoL together in 200ml of water and then added to the gsr^^^tt 

,s added I3 26g of Cu(N03)2 ' 2.5H2O dissolved in 100ml water along w.th 4.07g of TeO^. 65.93g of 40wt ,o 
ISJ sol and 149 669 of 9 61wt% TiO. sol were then added. The mixture was evaporated to near-dryness 
on : ho p^'eUh constant stirring. It was then dried at 120-C for 16 J^^l^''^'' ""^^'^^^^^^^^^ 

uea-ed n air at 425 'C for 3 hours then ground and screened to collect the 20-35 mesh s.ze part.cles A 
portoS of thesi particles were further heat treated in air at 810-C for three hours. In th.s example tm was 

20 absent. 

COMPARATIVE CATALYST EXAMPLE E 

78 71g of Sb.O, were slurried in a mixture of 2G0ml of water and 300 ml of concentrated reagent grade 
« nitric acid solution The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
terpeSl an7«ltered. The filter cake was washed once with water and filtered aga,n The resu t.ng filter 
S^e was then Slurried in about 100ml of water. 13.26g of Cu(N03)2-2.5H.O. 2.86g of ammonium meta 
T Zf! InH d OTo of TeO, were combined in about 100ml of water and stirred for about one hour with 
mSS h^ftinT?h s :^Sre J:s t°h:n added to the slurried filter cake. 78.44g of 40wt% SiO. sol ^d 
30 -erof.0wt?.SnO.solw^^^^^^^^^^ 

:^^^C rrhrtt: ^^uranr^^e^to^crf re?^^^^^^ .esh si.e pa.™e par«c.es were 
further heat treated in air at 810' C for three hours. This composition contained no vanadium. 

35 CATALYST EXAMPLE 3 

■*78 71g Of Sb^O, were slurried in a mixture of 200ml of water and 300 ml of concentrated ^^age-;* S^^^^ 
nitric acid solution The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
^mpera urelnd Altered. The filter cake was washed once with water and filtered again. The resulting filt^ 

collect the 20-35 mesh size particles. These particles were further heat treated in air at 810 C for three 
hours. The atomic ratio of Sb:V was 36. 
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CATALYST EXAMPLE 4 



55 



78 7ia of Sb.03 were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 

s::^: r.:::s - iT^ofrvt .srjLts:', nr. ^ 
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16 hours. The dried material was heat treated in air at 425 'C for 3 hours then ground and screened to 
collect the 20-35 mesh size particles. These particles were further heat treated in air at 810 "C for three 
hours. 5g of the resulting material were placed in a 25ml flask and 6ml of an oxalic acid solutTofi of NH* VO3 
(0.00388g NHaVOi/ml of solution) were added drop-wise in such a manner as to uniformly wet the particles. 
5 The particles were then dried at 120-C. The dried particles were then heat treated in^air at 290 "C for 3 
hours and then at 810 'C for 30 minutes. The atomic ratio of Sb:V was 25. 

CATALYST EXAMPLE 5 



20 



78.719 of SbzO-j were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to roor^ 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. 13-26g of Cu(N03)2 '^SHaO. 2.86g of ammonium meta 
tungstate. and 4.07g of TeOz were combined in about lOOmI of water and stirred for about one hour with 
moderate heating. This mixture was then added to the slurried filter cake. 78.44g of 40wt% SiOa sol and 
135.62g of 20wt% SnOz sol were then added along with 1.75g of NH4VO3 dissolved in 500ml of water. The 
mixture was evaporated to near-dryness on a hot plate with constant stirring. It was then dried at 120 "C for 
16 hours. The dried material was heat treated in air at 425 -C for 3 hours then ground and screened to 
collect the 20-35 mesh size particles. These particles were further heat treated in air at 810 'C for three 
hours. 5g of the resulting material were placed In a 25ml flask and 6ml of water were added drop-wise in 
such a manner as to uniformly wet the particles. The particles were then dried at 120'C. The dried 
particles were then heat treated in air at 290 'C for 3 hours and then at 810' C for 30 minutes. The atomic 
ratio of Sb:V was 36. 

25 COMPARATIVE CATALYST EXAMPLE F 

78.71g of Sb2 03 were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 

30 cake was then slurried in about 100ml of water. I3.26g of Cu(N03)2 •2.5H2d. 2.86g of ammonium meta 
tungstate. and 4.07g of Te02 were combined in about 100ml of water and stirred for about one hour with 
moderate heating. This mixture was then added to the slurried filter cake. 78.44g of 40wt% SiOz sol and 
135.62g of 20wt% Sn02 sol were then added along with 0.1 8g of NH4VO3 dissolved in 500ml of water. The 
mixture was evaporated to near-dryness on a hot plate with constant stirring. It was then dried at 120' C for 

5 16 hours. The dried material was heat treated in air at 425 "C for 3 hours then ground and screened to 
collect the 20-35 mesh size particles. These particles were further heat treated in air at '810* C for three 
hours. The atomic ratio of antimony to vanadium was 360. ' ^ 

CATALYST EXAMPLE 6 



7a71g of SbzOa were slurried in a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 2 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. 13.26g of Cu(N03)2*2.5H20, 2.86g of ammonium meta 
tungstate. and 4.07g of TeOz were combined in; about tOOmI of water and stirred for about one hour with 
moderate heating. This mixture was then added to the slurried filter cake. 78.44g of 40wt% Si02 sol and 
135.62g of 20wt% SnOa sol were then added along with 3.51g of NH4VO3 dissolved in 500ml of water. The 
mixture was evaporated to near-dryness on a hot plate with constant stirring. It was then dried at 120"C for 
16 hours. The dried material was heat treated in air at 425 "C for 3 hours then ground and screened to 
collect the 20-35 mesh size particles. These particles were further heat treated in air at 810* C for three 
hours. The atomic ratio of Sb:V was 18. 

CATALYST EXAMPLE 7 



78.71 g of SbzOa were slurried In a mixture of 200ml of water and 300 ml of concentrated reagent grade 
nitric acid solution. The slurry was refluxed with constant stirring for 3 hours. It was then cooled to room 
temperature and filtered. The filter cake was washed once with water and filtered again. The resulting filter 
cake was then slurried in about 100ml of water. 1.75g of NH4VO3 and 2.86g of ammonium meta tungstate 
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The atomic ratio of Sb:V was 36. The support was sllica-alumma. 
CATALYST EXAMPLE 8 

,e.r„o,S^O...«=,o *r.0d ,n . .ix>.e o. .00., o, o, ™« ^^^^^ 

,„„S."". .od 4.075 01 T.0, were oombrn^ .n «>=u, 40v„% SiO, =ol and 

::,,rn.^i'i''r.t;L%"aSorvr::;ris l.. .-.d >i . a. s,o.c . .™a 

hours. The atomic ratio of Sb:V was 72. . . Table 1 the catalyst is in a tubular 3/8 inch I.D. 

In the following ammoxidation examples f "'^^"^^^^"^ The reactor is equipped with a preheat 
titanium fixed bed reactor. Pressure was s ghtly ^^^^^.^^^^^^^^^^ for at least 

ererfoll^rorS^^r^^^^^^^^ - -.so m^utes during which the 

''"rnlh^s^lreS^^^^^^^^^ -actor temperature was 460- F and the mole ratios in the feed to the 

reaction zone were 
1 5 propane/0.8 NH3 '2 O2/I H2O 

. ^ ♦ thn,P skilled in th- art various modifications of this invention can be made or 
..otldi: « ^ r;:^Cd,scC% and d^cosslon ^ Xor. ^ and scop. 

Of the disclosure or from the scope of the claims. 
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Claims 



1. A process for making an a, ^-unsaturated mononitrile by the catalytic reaction of a paraffin containing 
3-5 carbon atoms with molecular oxygen and ammonia by catalytic contact of the foregoing reactants in 
a reaction zone with a metal oxide catalyst containing the elements indicated by the empirical formula. 

Vv Aa DdSnm Sb„ CucOk (formula t) 
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in the relative atomic proportions indicated by the subscripts, where ^ 

Vl^T:ZZ^~'^ .,0. MO. W. T,. O,. C. U. M,. C. Oo. Nl. 

Fe. Nb. Ta. Ag. Zn. Cd. B. P, Na. K and Ca, and 
a is 0.001 to 30 

d is zero to 30 

c is 0.001 to 30 

m is 0.1 to 60 

n is 0.1 to 60 

n/v is > 12 and < 100 

m + n is 2; V + a + c + d, and 

V HP^terminod bv tho vaioncc requirements of the elements present, and 
.herein thTr^tantsMd to the reaction .one contain a mo.e ratio of said para«in:NH3 .n the range 
;ffom 2 to 16 and a mole ratio of said paraffiniOa in the range from 1 to 10. 

A process of claim 1 wherein said paraffin is propane. 

A metal-oxide catalyst containing the elements indicated by the empirical formula. 
Vv Aa Dd Sn„ Sb„ Cuc Ox (formula 1) 

in the relative atomic proportions indicated by the subscripts, where 

Sro?e™o?«:na. elements selected from Mo. W. Ti. Ge. Ce. La. Cr. Mn. Mg. Ca. Co. Ni. 
Fe, Nb, Ta. Ag. Zn. Cd. B. P. Na. K and Cs. and 

a is 0.001 to 30 

d is zero to 30 

c is 0.001 to 30 

m is 0.1 to 60 

n is 0.1 to 60 

n/v is > 12 and < 100 

m + n is > V + a + c + d. and 

X is determined by the valence requirements of the elements. 
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